ABSTRACT Genetic characteristics of mountain pine beetles from 15 sites in seven western states were compared using electrophoresis. A high level of genetic similarity was observed among all groups, including those from areas previously considered separate ranges of D. monticolae (=ponderosae) and D. ponderosae.
cal areas have begun to elucidate population relationships at the genetic level (Stock and Guenther 1979 , Stock and Amman 1980 , Sturgeon 1980 . Recent studies of mountain pine beetle population dynamics permitted our acquisition of beetles from a larger portion of their range. Here we report results of our genetic comparison of these groups, specifically aimed at identifying the level of genetic variation over the species as a whole and determining if any genetic differences occur between beetles from the two general areas previously considered to be occupied by D. monticolae and D. ponderosae. Fig. 1 ): one in Oregon, four in Idaho, one in Montana, two in Wyoming, five in Utah, and one in South Dakota. In addition, genetic data from mountain pine beetles and Jeffrey pine beetles from California, reported by Higby and Stock (1982) , were included so that a species comparison could be made.
Upon emergence, adult beetles were frozen at -20°C until electrophoresis was done. Methods for electrophoretic analysis of mountain pine beetle isozymes are described by Higby and Stock (1982) . Gels were made from a 13% solution of hydrolyzed potato starch (Electrostarch lot no. 307) and the appropriate buffer. Relative mobilities of loci and allozymes at individual loci, and common banding patterns are given in Stock and Amman (1980) .
Observed genotype frequencies were compared to values derived from random-mating (HardyWeinberg) expectations. Contingency x 2 tests, based on the observed number of each allele at a locus, were used to compare gene frequencies at a locus between sites. To compare overall genetic composition among sites, Nei's (1972) genetic identity and genetic distance values were calculated using data from all loci, monomorphic and polymorphic. To aid visualization of relationships among groups, a dendrogram was constructed us- ing genetic distance values and an International Mathematics and Statistics Language (IMSL) computer subroutine called OCLINK. Average heterozygosity was calculated according to the method of Nei (1975) to give an estimate of overall genetic diversity in each group.
Results and Discussion
Genotype and allele frequency data were obtained from 18 enzyme-producing gene loci in the 14 beetle populations. Six loci-aspartate aminotransferase 1 (AAT1), acid phosphatase (AcP), esterase 1 (EST1), leucine aminopeptidase 2 (LAP2), peptidase (PEP), and phosphoglucose isomerase (PGI)-were polymorphic in at least one population. Polymorphic loci were defined as those in which the frequency of the common allele was less than 0.99 in at least one population. Allele frequencies at these loci, plus corresponding frequencies from the California mountain pine beetle and Jeffrey pine beetle groups, are shown in Table 2 . Vol. 77, no. 6 A single variant creatine kinase (CK) allele was observed, in addition to the common allele, in the Sawtooth, McCall, and Yaak populations, but because of the rarity of this allele, the CK locus was considered monomorphic and was not included in Table 2 . Eleven other loci-isocitrate dehydrogenase (IDH), AAT2, a-glycerophosphate dehydrogenase 1, 2, and 3 (AGP1, AGP2, and AGP3), EST2 and EST3, LAP1, malate dehydrogenase 1 and 2 (MDH1 and MDH2), and tetrazolium oxidase (TO)-were monomorphic in all groups, although IDH and MDH2 were fixed for a different allele in the Jeffrey pine beetle and are considered diagnostic for that species (Higby and Stock 1982) .
In most cases, observed genotype frequencies conformed to expectations for random-mating populations ( Table 2 ). The only consistent exception was in the California mountain pine beetle and Jeffrey pine beetle groups, where a deficiency of heterozygotes resulted from pooling several subsamples of each species from nearby host stands.
When pair-by-pair comparisons were made among all groups at individual loci, California mountain pine beetles, Jeffrey pine beetles, and South Dakota mountain pine beetles were most different from other groups, especially at the AAT1 and LAP2 loci. As in earlier studies, the esterase locus varied most among groups, showing significant differences in about 80% of all pair-by-pair comparisons.
Average heterozygosity varied from 10.3 to 14.2% (Table 2 ). Nei's genetic identity values ranged, among mountain pine beetle populations, from 0.963 to 0.999 and, between mountain pine beetles and Jeffrey pine beetles, from 0.804 to 0.850 (Table 3 ). Relationships among groups are shown in Fig. 2 . The high level of genetic similarity observed among mountain pine beetle collections in this study, and the relatively much lower level of similarity between the Jeffrey pine beetle and the mountain pine beetle, support the current singlespecies interpretation of D. ponderosae, the mountain pine beetle. No genetic differentiation is apparent between beetle samples taken in the geographic ranges originally described for D. ponderosae and D. monticolae (Fig. 1) .
